. Without the use of any mechanical or pharmaceutical prophylaxis after lower limb arthroplasty, the overall incidence of DVT after total knee arthroplasty (TKA) ranges from 40% to 84% 3, 4) . The incidence of DVT reported in South Korea ranges from 15.7% to 41.8% 5, 6) . Previous clinical trials have shown that asymptomatic DVT after major joint surgery can be significantly reduced with VTE prophylaxis to around 20% to 40% 7, 8) . As VTE is a highly prevalent and potentially lethal complication, various prophylactic methods to prevent the development of DVT are currently available. However, the need for prophylaxis to prevent DVT after TKA and the efficacy of each method are disputed, and there is still no consensus.
In other countries, survey-based studies have been conducted on the actual status of prophylaxis performed by surgeons. Additionally, several countries developed guidelines for prophylaxis after arthroplasty to prevent VTE. The actual status of prophylaxis for VTE in South Korea is assumed to differ from that in other countries owing to racial and healthcare system differences. In South Korea, however, prophylaxis implementation and types in practical clinical settings have not yet been clearly investiProphylaxis for Venous Thromboembolism Following Total Knee Arthroplasty: A Survey of Korean Knee Surgeons . There are still no prophylaxis guidelines appropriate to the clinical circumstances in South Korea. The Korean Knee Society (KKS) recognized the necessity of investigating the actual status on the use of prophylaxis for VTE in South Korea. Therefore, the objectives of this study are to investigate the proportion of orthopedists who provide DVT prophylaxis among those who conduct TKA in South Korea as well as the prophylactic methods they use and the rationale of physicians who do not provide prophylaxis. To our knowledge, this is the first study to survey the state of prophylaxis implementation across all members of the KSS. Therefore, the results of this study will provide accurate data regarding the rate of prophylaxis after TKA and the methods used in the actual Korean clinical environment. Furthermore, this study is expected to help the establishment of guidelines appropriate to the circumstances in South Korea. The hypothesis of this research is that prophylaxis is implemented by more than 50% of medical practitioners who perform TKA in Korea in order to prevent VTE, with mechanical prevention being the most preferred method.
Materials and Methods
The VTE task force team of the KKS designed the questionnaire used in the survey of this study. The questionnaire was written in Korean and composed of 6 questions (Appendix 1). The major elements included in the questionnaire are as follows: implementation of prophylactic treatment for VTE, prophylactic methods, and rationale for not performing prophylaxis as applicable. The prophylactic methods for DVT included in the study were pharmaceutical therapies (aspirin, warfarin, low-molecular-weight heparin [LMWH] , perioral factor Xa inhibitor, and intravenous factor Xa inhibitor) and mechanical therapies (compression stocking and intermittent pneumatic pumps). The questionnaire was sent via both email and postal mail to a unique group of orthopedic surgeons who are members of the KKS and perform TKA, and their replies were returned in the same manner. The survey was performed for 3 months from December 2011 to February 2012.
The questionnaires were distributed to all registered members of the KSS who specialize in the knee joint (n=796). Of the 796 orthopedic surgeons who received the questionnaire, 222 participated in the survey. The response rate was 27.9%.
The 222 orthopedic surgeons who participated in the survey were composed of professors at university hospitals (40.5%), fellows at university hospitals (2.7%), and surgeons in general (19.4%), private (32%), and public hospitals (5.4%) (Fig. 1 ).
Of the responding surgeons, 9.9% performed more than 300 surgeries a year. In particular, 27.5% and 18.5% of them performed 100-300 TKAs and 50-100 TKAs a year, respectively. Of the respondents, 44.1% conducted TKAs less than 50 times a year. Among the responding surgeons, 42% attended more than 500 cumulative cases of TKA, and 12.1% and 18.9% attended 300-500 cases and 100-300 cases, respectively. Furthermore, 27% of the respondents attended less than 100 cumulative cases of TKA.
results
In this survey, the percentage of orthopedic surgeons who routinely performed prophylaxis for VTE after TKA was 60.4%, and 19.4% of the surgeons performed prophylaxis depending on the patient's health condition.
Prophylaxis was performed after TKA for patients who did not present with any accompanying diseases. However, prophylaxis was not performed in patients at high risk for hemorrhage due to administration of anticoagulants for treatment of cardiovascular or cerebrovascular disease or in patients suffering from any blood disorder that impedes normal hemostasis. The remaining 20.2% of the surgeons never implemented prophylaxis after surgery (Fig. 2) .
The reasons for no use of prophylaxis among the 20.2% of the surgeons were as follows: 1) the low incidence of VTE after joint arthroplasty, 2) risk of complications related to the preventive treatment for VTE (bleeding, postoperative infection, delayed wound healing, etc.), 3) ignorance of the procedure despite the awareness of the necessity of VTE prophylaxis after joint arthroplasty, and 4) others. The primary reason for not performing prophylaxis reported by 51.1% of the surgeons in this group was the low incidence of VTE. The risk of complication by prophylactic therapy and lack of knowledge of the prophylaxis method were the reasons in 35.6% and 13.3% of the surgeons, respectively.
The survey regarding the preferred prophylaxis methods was composed of multiple-choice questions. The most commonly used prophylaxis was compression stocking, which was used by 72.9% of the surgeons who performed prophylaxis, followed by pneumatic leg compression (63.3%), perioral direct factor Xa inhibitor (46.9%), and LMWH (39.5%). In addition, aspirin (20.9%), foot pump (19.8%), intravenous factor Xa inhibitor (13.6%), and warfarin (5.6%) were applied for VTE prophylaxis after TKA (Fig.  3) . Regarding the type of prophylaxis classified as pharmaceutical therapy (aspirin, warfarin, LMWH, factor Xa inhibitor), compression stocking, and intermittent pneumatic pump (foot pump and calf pump), the majority (34.2%) of respondents utilized all three types. Among the respondents, 14.4% used a combination of pharmaceutical therapy and compression stocking, 12.2% used a combination of pharmaceutical therapy and intermittent pneumatic pump, 9.9% used a combination of compression stocking and intermittent pneumatic pump, 18% used only pharmaceutical therapy, 6.3% used only intermittent pneumatic pump, and 5% used only compression stocking.
discussion
The present study is the first survey-based research on the prophylaxis for VTE currently used by orthopedic surgeons in South Korea. The hypothesis of this study was that more than 50% of medical practitioners who perform TKA in Korea utilize prophylaxis in order to prevent VTE, with mechanical prevention being the most preferred method. The results of this study were consistent with the hypothesis.
In this survey, the percentage of orthopedic surgeons who routinely performed prophylaxis for venous VTE after TKA was 60.4%; 19.4% of the surgeons performed prophylaxis depending on the patient's health condition; and the remaining 20.2% surgeons never implemented prophylaxis after surgery. The main reason for not performing prophylaxis was that the risk of postoperative VTE was judged as low considering the low incidence of VTE. The most commonly used prophylaxis was compression stocking, which was used by 72.9% of the surgeons who performed prophylaxis, and 34.2% of the respondents used all the three methods including medical therapy, compression stocking, and intermittent pneumatic pump on the lower limb as prophylaxis. VTE is a common complication of the lower extremity or spine that occurs after a major surgery. It is related with long-term morbidity and mortality of patients 1, 6) . However, there is still a lack of consensus regarding the implementation of prophylaxis to prevent VTE after joint arthroplasty. Some suggest it is unnecessary to administer anticoagulants to all patients for several reasons including invasiveness and high cost. In addition, it has been suggested that confirmatory examinations, such as computed tomography venography, be performed selectively in patients who display symptoms, and that anticoagulant treatment be performed only after confirming the diagnosis 5) . Most DVT are asymptomatic, but they can lead to long-term morbidity to the same extent as symptomatic DVT 6) ; therefore, many orthopedic surgeons recognize the importance of pro- phylaxis for VTE. In an attempt to minimize the risk of adverse complications, patients are prescribed mechanical devices or pharmacological anticoagulant therapies after TKA in many hospitals. There are many prophylactic regimens including pharmaceutical agents such as aspirin, warfarin, LMWH, and oral factor Xa inhibitors and mechanical devices such as compressive stocking and intermittent pneumatic compression pump and foot pump 9, 10, [12] [13] [14] [15] . According to the present study results, 60.4% of the surgeons routinely performed prophylaxis for VTE after TKA and 19.4% performed prophylaxis in consideration of clinical situations. Regarding the method of prophylaxis, mechanical device, including compression stocking and intermittent pneumatic compression, were mostly used because they are associated with a lower risk of complications than pharmaceutical agents. Compression stockings and pneumatic compression pumps are advantageous because they do not pose significant risks to patients compared to pharmacologic prophylaxis that requires patient compliance 14) . Several reports have investigated the incidence of DVT after TKA in South Korea, although they were not based on surveys of as many medical practitioners as was this study. Kim and Kim 6) examined the incidence of DVT and pulmonary embolism after bilateral TKA and unilateral TKA, where the incidence of DVT after bilateral TKA was 41.8%, and that after unilateral TKA was 41.4%, with no significant differences between groups. Lee et al. 5) reported the incidence of DVT after TKA as 17.6% in patients at high risk for DVT and 14.9% in low-risk patients.
Several other countries have conducted survey studies on prophylaxis provided by orthopedists to prevent VTE following TKA. Gross et al. 11) implemented a survey on the type and frequency of prophylaxis against VTE after TKA and total hip arthroplasty among Canadian orthopedists. In that study, 54% of the participants responded to the survey compared to 27.9% in our study. In Canada, 90.2% of doctors routinely provided prophylaxis for all patients, while only 0.8% did not provide postoperative prophylaxis. In terms of individual treatments, the largest proportion of respondents (46.3%) used warfarin, 35.5% used LMWH, while 40% used a combination of pharmacological and mechanical methods. Of the mechanical prophylaxis methods, the elastic compression stocking was most widely used, followed by intermittent pneumatic compression. However, only 1.5% of the doctors used mechanical prophylaxis alone without medication. In comparison to these results of previous studies, the present study showed that the proportion of doctors who routinely provided prophylaxis after TKA in Canada was 90.2%, which is markedly higher than that in Korea (60.4%). In Canada, the most common method was pharmaceutical prophylaxis using warfarin (46.3%), whereas a low proportion of doctors in South Korea used warfarin (5.6%). Although a low proportion of doctors preferred mechanical prophylaxis in Canada, the elastic compression stocking was the most commonly used mechanical method, a finding that is consistent with that in Korea.
There are several limitations of this study. The surveyed members of KKS do not constitute the entire practicing orthopedic surgeons who perform TKA in South Korea because only 27.9% of the surgeons responded to the survey. Therefore, it is possible that the group that participated in this survey may not be entirely representative of surgeons performing joint arthroplasties in Korea and our results may not reflect the actual current status of prophylaxis.
Second, because the present study was based on the memory and experiences of the respondents, the results may not accurately reflect the actual prevalence of the use of prophylaxis therapy.
conclusions
The present study is the first survey-based research on the actual status of prophylaxis for VTE in South Korea. The survey showed that 79.8% of the orthopedic surgeons performed prophylaxis after TKA to prevent DVT and compression stocking was the most common method of prophylaxis.
The present study performed with surgeons who were members of the KKS will help to comprehend the actual status of the prevention of VTE in South Korea and to design VTE guidelines appropriate for Korean patients in the future.
